INTRODUCTION
The application of molecular techniques has begun to resolve the taxonomic status of some of the bacteria present in activated sludge, especially those morphotypes which may often dominate the activated sludge bacterial community Martins et al., 2004) . For example, some of the Gram-positive and Gram-negative filamentous bacteria responsible for the operational disorders of bulking and foaming have now been grown in pure culture and, on the basis of 16S rRNA gene sequence data, their phylogeny has been elucidated (Kämpfer & Wagner, 2002; Martins et al., 2004) . Some, like 'Microthrix parvicella' (Blackall et al., 1994; Rossetti et al., 2005) and Eikelboom type 1851 (Beer et al., 2002) , are novel bacteria, while others, like type 1863 (Seviour et al., 1997) , are close relatives of previously described non-filamentous bacteria. Of these filaments, 'Nostocoida limicola' is particularly interesting. Three morphotypes of this filament have been recognized, i.e. 'N. limicola' I, II and III, separated solely on the basis of differences in their cell dimensions (Eikelboom & van Buijsen, 1983) . It is now known that these morphotypes are in fact a collection of unrelated bacteria, being members of the Firmicutes , the Actinobacteria (Blackall et al., 2000) , the Alphaproteobacteria (Snaidr et al., 2002; Levantesi et al., 2004; Kragelund et al., 2005) or the Chloroflexi (Schade et al., 2002) and the Planctomycetales (Liu et al., 2001 ). In the case of actinobacterial 'N. limicola' II, no chemotaxonomic data were available to help to delineate its taxonomic status precisely and that of the individual isolates obtained in pure culture and so, while the suggestion was made that this filament represented a new genus, it was given Candidatus status (Blackall et al., 2000) .
The tetrad-forming organism (TFO) morphotype (Tsai & Liu, 2002) , appearing in activated sludge and pure cultures as cocci in tetrads and clusters, can dominate some activated sludge communities, and some of these TFO have been cultured and characterized. They include several novel Gram-positive and Gram-negative cocci (Seviour et al., , 2003 . Among these are members of the genus Tetrasphaera, now thought to be important populations responsible for the microbiological removal of phosphorus in some activated sludge processes (Kong et al., 2005) . When 16S rRNA gene sequences of cultured actinobacterial 'Candidatus Nostocoida limicola' isolates were compared with those from isolates of Tetrasphaera australiensis and Tetrasphaera japonica, Gram-positive TFO , these bacteria all clustered together at a high similarity. Although not possessing a TFO morphology, Tetrasphaera elongata (Hanada et al., 2002) , which grows as rods, was also phylogenetically very similar. Therefore, attempts were made to clarify their taxonomic interrelationships using both 16S rRNA and rpoC1 gene sequences (Morse et al., 1996; Wilson et al., 2000) and detailed chemotaxonomic characterization. On the basis of all the available evidence, it is proposed that these 'Candidatus N. limicola' isolates should all be placed into the genus Tetrasphaera and represent three novel species.
METHODS
Strains used in study. Isolates of actinobacterial 'Candidatus N. limicola' (identified and cultured as 'N. limicola' II) and Tetrasphaera species, obtained and maintained as described by Blackall et al. (2000) and Maszenan et al. (2000) , respectively (Table 1) , were used in this study. They were grown on either GS or R2A agar (Blackall et al., 2000) . Additional strains of 'Candidatus N. limicola' (Ben 70 and Ben 74) were also included in this study; these were isolated in our laboratory from other activated sludge biomass samples, by micromanipulation onto the same media used in the earlier study, and their sources are also listed in Table 1 . The following cultures were also included in the rpoC1-based phylogenetic studies: Terrabacter tumescens DSM 20308 T (Collins et al., 1989) , Terracoccus luteus DSM 44267
T (Prauser et al., 1997) and Janibacter limosus DSM 11140
T (Martin et al., 1997) .
Characterization of isolates. Selected substrate utilization patterns for strains Ben 70 and Ben 74 were obtained with the methods of Blackall et al. (2000) , who had reported these for strains Ben 17, Ben 18, Ben 67 and Ver 1. The methods used for preparing specimens for scanning and transmission electron microscopy were those described by Maszenan et al. (1997 Maszenan et al. ( , 1999 and Butler et al. (2002) . The medium used to prepare the inoculum for each strain for characterization was that which supported its growth, since some isolates of 'Candidatus N. limicola' would grow only on R2A agar and not GS agar (Blackall et al., 2000) . Biomass for chemotaxonomic characterization of selected strains was obtained by inoculating 200 plates of freshly prepared R2A agar (Reasoner & Geldreich, 1985) for each isolate and incubating these at 26 uC for exactly 4 weeks. Cells were harvested by gently scraping them from the agar surface into sterile distilled water, centrifuging and washing (36). These were finally freeze-dried. The 16S rRNA genes of the newly acquired isolates of 'Candidatus N. limicola' and Tetrasphaera were amplified, cloned and sequenced according to the methods of Maszenan et al. (2000) and Liu et al. (2002) .
Sequences for the rpoC1 genes from isolates were obtained as follows. Degenerate primers were designed after all publicly available rpoC sequences in GenBank were aligned and edited with CLUSTAL W. Cell extract agar Kataoka et al. (1996) Primers eventually selected for PCR amplification of the rpoC1 gene were the forward primer 59-TAYCGYCGKGTHATYAAYCG-39 and the reverse primer 59-TGRTCACCRTCRAARTCRGC-39 (synthesized by Geneworks Pty Ltd, Adelaide, Australia); these primers gave a DNA fragment after PCR of approx. 600 bp. PCR was performed as described by Wilson et al. (2000) . Thermal cycling conditions were a hot start at 95 uC for 10 min followed by 30 cycles of 92 uC for 1 min, 42 uC for 1 min and 72 uC for 3 min, followed by 72 uC for 10 min and a final hold at 4 uC. The PCR product was purified with QIAprep (Qiagen) and ligated into pGEM-T Easy vector (Promega). Clones were screened by restriction digestion with EcoRI and both DNA strands were sequenced with primers M13F and M13R. Sequencing was performed with Big Dye technology on a model 373A sequencer (Applied Biosystems). The 16S rRNA gene sequences for the other 'Candidatus N. limicola' isolates used in this study were those determined and reported by Blackall et al. (2000) and Maszenan et al. (2000) , and sequences were also used that were reported in the original publications for Terracoccus luteus (Prauser et al., 1997) , Terrabacter tumescens (Collins et al., 1989) , Knoellia subterranea and Knoellia sinensis (Groth et al., 2002) , Janibacter limosus (Martin et al., 1997) , Janibacter anophelis (Kämpfer et al., 2006) , Janibacter terrae (Yoon et al., 2000) and Janibacter melonis (Yoon et al., 2004) , their closest phylogenetic relatives.
For both phylogenetic markers, the sequences were aligned using CLUSTAL X version 1.81 (Thompson et al., 1997) . For rpoC1 analysis, 550 nucleotides equivalent to positions 302-852 of the Escherichia coli rpoC1 sequence were included in the alignment. For 16S rRNA gene analysis, 1426 nucleotides equivalent to positions 37-1463 of the E. coli 16S rRNA sequence were included in the alignment. Phylogenetic analyses were conducted using MEGA2 version 2.1 (Kumar et al., 2001) . Alignment files from CLUSTAL X were imported into MEGA2 and the data were analysed by distance-based and parsimony methods. For distance-based analyses, relationships were inferred using neighbourjoining analysis of Tamura-Nei distances that were calculated with the pairwise deletion option in effect. The robustness of the resulting phylogenies was tested using bootstrap analysis of 1000 replicates. For maximum-parsimony analyses, relationships were inferred using the close-neighbour-interchange search option with a search level of 3 and random addition of trees using 10 replications. All sites were included in each analysis and standard weighting was used for scoring changes. The robustness of the resulting phylogenies was tested using bootstrap analysis of 1000 replicates.
Chemotaxonomic characterization. The diastereoisomer of diaminopimelic acid in cell-wall hydrolysates of these isolates was determined with the HPLC method of McKerrow et al. (2000) . Menaquinones were analysed by reversed-phase HPLC (Groth et al., 1999) and cellular fatty acid methyl esters and polar lipids were analysed using the methods of Schumann et al. (1997) .
16S-23S rRNA intergenic spacer region fingerprinting. DNA was extracted from cultures as described by Liu et al. (2002) and the PCR primers selected to amplify this region were the primers 2 forward and 7 reverse of Gürtler & Stanisich (1996) . PCR conditions used were detailed by Liu et al. (2002) . Restriction enzymes MspI and BstUI (New England Biolabs) were selected for digestion, and the digestion products were separated on agarose gels as described previously . Patterns were analysed using the S SM coefficient and UPGMA algorithm.
DNA-DNA hybridizations. It was not possible to carry out DNA-DNA hybridization analysis with all these strains because of problems in obtaining sufficient quantities of biomass. Those analyses that were possible were performed following the methods used by Martin et al. (1997) .
RESULTS

Phenotypic properties of isolates
As reported earlier (Blackall et al., 2000) , all the isolates of 'Candidatus N. limicola' used in this study that could grow on GS agar grew as filamentous bacteria on this medium. Swollen and flattened discoid irregular cells within these filaments were common, as shown with strains Ben 67 and Ben 68 (Fig. 1e, f) , and filaments were very similar to their appearance in biomass samples in activated sludge plants.
Extensive irregular septation of some individual cells was also apparent (Fig. 1e, f) , similar to that seen with Tetrasphaera elongata Lp2 T (Hanada et al., 2002) . With R2A agar and broth, only rudimentary filamentous growth was seen. Instead, both strains Ben 17 and Ben 70 grew mainly as swollen and irregular cocci in very short chains or clusters (Fig. 1a, b) . Budding was also visible, especially with strain Ben 70 (e.g. Fig. 1c ). Intermediate forms with occasional swollen cocci in the filaments could also often be seen on GS medium ( Fig. 1d-f ).
The ultrastructural features of strains Ben 70 and Ben 74 grown on these two media are shown in Fig. 2 . On R2A medium, both grew as irregular clusters of cells, although occasional short chains were seen ( Fig. 2a-d ). Cell shape was highly varied because of the erratic septation. This produces differently shaped and sized cells, which could be anything from coccoid to discoid. With strain Ben 74, the cells were often flattened and appeared more compressed than those of strain Ben 70 ( Fig. 2a-d ). Vesicles were commonly seen in both strains. Small vesicles appeared in tight clusters in cells. In Ben 74, several large electron-lucent vesicles were also present ( Fig. 2c, d ), while, in Ben 70, a single large vesicle that always contained electron-dense material was seen (Fig. 2a, b) . Granules (30-40 nm diameter) were regularly seen in the cytoplasm of both strains. These often formed such dense aggregates that they led to the division of the cytoplasm into two distinct regions: electron-lucent (granule-filled) and electron-dense (containing all other cytoplasmic structures) ( Fig. 2a-d) . On GS agar, there appeared to be more empty cells in the chains than on R2A (Fig. 2h) . Septation was not as random and hence the cells were largely in chains, though some irregular division caused chains of cells to split and clump ( Fig. 2g, h ). Narrow, compressed cells were present in both, but were seen more commonly with strain Ben 74, where flattened cells were routinely visible. Vesicles were not as common as in cells grown on R2A. In both strains, there were smaller vesicles of variable size clustered in the cytoplasm. In Ben 74, larger vesicles were also seen, and their size was often sufficient to distort the shape of the cells (Fig. 2h) . Small, electron-dense granules were sparsely distributed through the cytoplasm of cells of both Ben 70 and Ben 74 grown on GS agar (Fig. 2g) .
All cells showed a Gram-positive wall. This cell wall consisted of three visible layers: an inner electron-dense layer, which was closely associated with the cytoplasmic membrane, an electron-lucent layer and, on the outside, another electron-dense layer (Fig. 2f ). There were two layers of capsular material, an electron-lucent layer that surrounded each cell and an electron-dense layer that surrounded the entire cluster of cells (Fig. 2f) . A thin strand of material from this outer capsule continued into the centre of the septum separating the cells. The dense capsule was much better developed in cells of Ben 70 and Ben 74 grown on GS agar than those on R2A.
In contrast to these 'Candidatus N. limicola' isolates, all three strains of Tetrasphaera examined, Tetrasphaera australiensis strains Ben 109 T and Ben 110 and Tetrasphaera japonica T1-X7 T , always grew as cocci in tetrads or clusters on all the media examined, and filamentous growth was never seen with them. On the other hand, Tetrasphaera elongata Lp2
T was reported to grow as rods or oval unicells (Hanada et al., 2002) .
Because of their very slow growth rates in pure culture (Blackall et al., 2000) , extensive phenotypic characterization of these 'Candidatus N. limicola' isolates was not always possible, experiences that agree with those reported earlier On: Wed, 09 Jan 2019 04:39:07 by Blackall et al. (2000) . However, some biochemical characteristics of strains Ben 17, Ben 67 and Ver 1 were reported by Blackall et al. (2000) . T are both oxidase-negative Hanada et al., 2002) , which may be an artefact reflecting their generally low levels of metabolic activity.
Chemotaxonomic features of isolates
These characters are summarized in Table 2 , and could be determined only for selected strains of 'Candidatus N. limicola', where sufficient biomass for the analyses could be obtained. Cell walls of all the isolates examined (strains Ben 17, Ben 70, Ben 74 and Ver 1) had meso-diaminopimelic acid as the dibasic amino acid (i.e. type A1c peptidoglycan), as did Tetrasphaera australiensis strains Ben 109 T and Ben 110 and Tetrasphaera japonica T1-X7
T and Tetrasphaera elongata Lp2 T (Hanada et al., 2002) . For both strains Ben 17 and Ben 74, the menaquinones were MK-8(H 4 ), MK-8(H 2 ), MK-8 and MK-6(H 4 ), in ratios of 87 : 5 : 3 : 2 and 80 : 3 : 4 : 5, respectively. However, several attempts failed to detect menaquinones or ubiquinones in Ver 1 by HPLC/mass spectrometry, although similar quantities of biomass as for the other strains were used for their extraction. Strain Ben 70 was distinct in containing MK-8, MK-8(H 2 ) and MK-8(H 4 ), in the ratio of 39 : 29 : 6. Polar lipid profiles of these strains were dominated by diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol, except Ben 17 and Ben 74, which did not possess diphosphatidylglycerol ( Hanada et al., 2002) , are given in Supplementary Table S1 in IJSEM Online. 14-Methylpentadecanoic acid (i-C 16 : 0 ) dominated in all these strains, including the Tetrasphaera strains except for Tetrasphaera elongata Lp2 T (Hanada et al., 2002) . This strain alone possessed ai-C 15 : 0 as the major fatty acid. Strain Ben 17 contained more 14-methylhexadecanoic acid (ai-C 17 : 0 ) than any of the other strains (Supplementary Table S1 ). Qualitative and quantitative differences were apparent among the 'Candidatus N. limicola' strains. Only strain Ben 74 possessed small amounts of octadecanoic acid (C 18 : 0 ), 9-heptadecenoic acid (C 17 : 1 ) and 16-methylheptadecanoic acid (i-C 18 : 0 ), while strain Ver 1 alone lacked 9-octadecenoic acid (C 18 : 1 ), 15-methylhexadecanoic acid (i-C 17 : 0 ) and 15-methyl-9-hexadecenoic acid (i-C 17 : 1 ). These fatty acid profiles were also markedly different quantitatively from those of the characterized Knoellia and Janibacter strains (as given in Supplementary Table S1 in IJSEM Online), especially since i-C 16 : 0 is not as prominent, adding weight to the view that the strains described here are all members of the one genus, Tetrasphaera.
Phylogenetic analyses
Almost-complete sequences of the 16S rRNA genes from 'Candidatus N. limicola' strains Ben 70 (1473 bp) and Ben 74 (1477 bp) were obtained and analysed with those from the other 'Candidatus N. limicola' and Tetrasphaera isolates described earlier by Blackall et al. (2000) , Maszenan et al. (2000) and Hanada et al. (2002) . Parsimony analysis identified three trees of equal length, one of which had an identical topology to that of the distance-based phylogenetic tree illustrated in Fig. 3 . The other two trees differed only in the branch orders of species outside the clade containing the 'Candidatus N. limicola' isolates (data not shown). Sequences from strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74 were all >99 % similar to each other and formed a well-defined and separate cluster supported by high bootstrap values (¢98 %) for both analyses. Their sequences were all 97-98 % similar to those of strains Ver 1 and Ben 70, which in turn were 97 % similar to each other. Strain Ben 70 and Tetrasphaera australiensis strains Ben 109 T and Ben 110 were more closely related to each other than either was to Tetrasphaera japonica T1-X7 T and Tetrasphaera elongata Lp2 T . Only strains Ver 1 and Ver 2 of these 'Candidatus N. limicola' strains had the distinctive V6 region sequence variation noted by Blackall et al. (2000) for this filament. None of Tetrasphaera japonica T1-X7 T , Tetrasphaera australiensis strains Ben 109 T and Ben 110 or Tetrasphaera elongata Lp2 T possessed it.
The rpoC1 analysis (Fig. 4 ) did not provide the same level of resolution as the 16S rRNA gene analysis. The distancebased analysis (Fig. 4) with the Tetrasphaera australiensis strains was recovered in nine of the parsimony trees (data not shown). The 'Candidatus N. limicola' and Tetrasphaera australiensis isolates formed a cluster consistent with that in the 16S rRNA gene sequence results, but in this case there was no bootstrap support for the grouping. The rest of the tree topology (with the exception of the placement of the outgroups) received poor bootstrap support, and was different from the 16S rRNA gene tree topology. Tetrasphaera elongata Lp2 T was not included in this analysis.
16S-23S rRNA intergenic fingerprinting
The fingerprints obtained after restriction digestion of this region with the two enzymes showed that strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74 gave identical patterns after digestion with MspI (Fig. 5a ), while strain Ben 70 was quite different, sharing only two bands with these other strains. Strain Ver 1 was also different, having two bands in common with the 'strain Ben 17' group and one band in common with strain Ben 70, as well as possessing a single band not seen in any of the other isolates. The patterns from Tetrasphaera australiensis strains Ben 109 T and 110 were identical to each other, possessing a unique band. They had two bands in common with all the other strains except Tetrasphaera japonica T1-X7 T (where only one common band could be seen). This strain also shared this band with all other strains and had two bands in common with strain Ben 70, while one was unique to it.
The patterns generated with the enzyme BstUI suggested slightly different relationships between these strains (Fig. 5b) . Thus, even though strains Ben 17 and Ben 18 again gave identical patterns with this enzyme, strains Ben 67, Ben 68 and Ben 74, although identical to each other, now shared only two of four bands with them. Strain Ben 70 was again quite different, possessing three bands not seen in the others, although two of its other bands were common to all other strains. The pattern of strain Ver 1 was also distinctive, sharing only two bands with strains Ben 17 and Ben 18 and one with strains Ben 67, Ben 68, Ben 70 and Ben 74. Again, Tetrasphaera australiensis strains Ben 109 T and Ben 110 gave identical patterns, possessing two unique bands and two bands in common with all other strains except strain Ver 1, with which it shared only a single band. Tetrasphaera japonica T1-X7
T gave a distinctive pattern, with one unique band, one band shared with all the other strains, another in common with all except strain Ver 1 and another shared only with strains Ben 67, Ben 68 and Ben 74. A dendrogram (not shown) obtained after numerical analysis of 23 characters from these patterns revealed that strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74 formed a single cluster at 0?86 S SM , while the patterns of the other strains and those of Tetrasphaera australiensis and Tetrasphaera japonica T1-X7
T emerged as quite different from each other. Thus, strain Ver 1 was closer to Tetrasphaera australiensis than it was to the other 'N. limicola' II isolates analysed.
DNA-DNA hybridization data
Previous DNA-DNA hybridization data showed that Tetrasphaera australiensis strains Ben 109 T and 110 and T. japonica T1-X7
T represent two separate genomic species . DNA-DNA hybridization values could be obtained between only some of the strains examined in this present study. Strains Ben 17 and Ben 74 had a DNA-DNA relatedness value of 74 %, Ben 74 and Ben 67 were 70 % related, while the DNA-DNA hybridization value between Ben 74 and Ver 1 was only 17 %. The DNA-DNA hybridization values determined between Tetrasphaera australiensis Ben 109 T and strains Ben 70, Ver 1, Ben 67 and Ben 74 were respectively 46?9 % (mean of duplicates), 39?7, 33?1 and 14?2 %.
DISCUSSION
The chemotaxonomic and phylogenetic data presented here suggest that all of the 'Candidatus N. limicola' strains examined belong to a single genus. The question then remains as to whether these 'Candidatus N. limicola' isolates represent a new genus or are members of any of the existing genera Tetrasphaera, Knoellia or Janibacter, their closest phylogenetic relatives (Fig. 3) . No taxonomic decisions were possible in the earlier study with 'Candidatus N. limicola' (Blackall et al., 2000) in the absence of important chemotaxonomic data, because of their very slow growth rates and the consequent problems of obtaining sufficient biomass for analyses. The 16S rRNA gene sequence data (Fig. 3) show that the Tetrasphaera and 'Candidatus N. limicola' isolates form clusters supported by high bootstrap values, which are quite separate from the type strains of J. limosus, J. terrae, J. melonis, J. anophelis, K. sinensis, K. subterranea, Terrabacter tumescens and Terracoccus luteus (Fig. 3) . The phylogenetic closeness of all these 'Candidatus N. limicola' strains (especially strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74) to the existing Tetrasphaera species is substantiated when rpoC1 gene sequence data are analysed from the same group of bacteria (Fig. 4) , and these too are generally consistent with them all belonging to a single genus. Some differences were seen compared with the groupings that emerged from 16S rRNA gene sequence analyses (most notably with strains Ben 70 and Ver 1 now clustering most closely), despite claims that rpoC1 sequence data generally provide phylogenetic support for groupings from 16S rRNA gene sequence data (Morse et al., 1996; Seo & Yokota, 2003) . It has also been claimed, at least with the cyanobacteria, that rpoC1 sequence data are able to resolve genus-species relationships better than 16S rRNA gene sequence data can (Wilson et al., 2000; Fergusson & Saint, 2000) .
Chemotaxonomic data obtained from strains Ben 17, Ben 74, Ben 70 and Ver 1 (chosen for analysis as representing members of the main clusters revealed after the 16S rRNA gene sequence analyses) showed them all to have the A1c cell-wall type, and all except Ver 1 contained MK-8(H 4 ) as a major menaquinone. These chemical features are shared by members of the genera Tetrasphaera , Janibacter (Martin et al., 1997; Yoon et al., 2000 Yoon et al., , 2004 Kämpfer et al., 2006) and Knoellia (Groth et al., 2002) and distinguish them from all other currently described close relatives, including members of the genus Terrabacter and Terracoccus, both of which possess the A3c cell-wall type . Comparisons of their polar lipid and fatty acid compositions ( Supplementary Table S1 ) suggest that the 'Candidatus N. limicola' isolates are also more similar to Tetrasphaera australiensis strains, Tetrasphaera japonica T1-X7
T and Tetrasphaera elongata Lp2 T Hanada et al., 2002) than to species of either Janibacter or Knoellia (Supplementary Table S1 ).
The problem of speciation then needs to be addressed. The 16S rRNA gene, rpoC1 and 16S-23S rRNA intergenic spacer region fingerprints together suggest that six species are present in this group of bacteria, i.e. the pre-existing Tetrasphaera australiensis, Tetrasphaera japonica and Tetrasphaera elongata (Hanada et al., 2002) and three novel ones consisting of strains Ben 17, Ben 18, Ben 67 and Ben 74, strain Ben 70 and strain Ver 1. The available DNA-DNA hybridization data support this. Furthermore, strain Ver 1 was the only 'Candidatus N. limicola' isolate among these strains to possess the distinctive nucleotide sequence variation in the V6 region of the 16S rRNA gene that was noticed by Blackall et al. (2000) . Ben 70 is different from the other isolates in having MK-8 and MK-8(H 2 ) as its major menaquinones, while no menaquinones could be detected in strain Ver 1, despite repeated analyses. Thus, when these menaquinone profiles are considered, strains Ben 70 and Ver 1 appear to belong to separate species. Strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74 share nearly identical 16S rRNA gene and rpoC1 sequences, and their 16S-23S rRNA intergenic fingerprints are either identical or very similar, depending on the restriction endonuclease used. The DNA-DNA hybridization values of 74 and 70 %, respectively, for Ben 17 versus Ben 74 and Ben 67 versus Ben 74 are consistent with these other observations. Thus, by association, these strains and Ben 18 and Ben 68 are all considered to belong to the same genomic species. Although not subjected to some of the characterizations described here, Tetrasphaera elongata Lp2 T is considered a separate species on the basis of its previous description (Hanada et al., 2002) , especially its fatty acid composition, which contains distinctively high levels of ai-C 15 : 0 and low levels of i-C 16 : 0 (Hanada et al., 2002) . Therefore, we propose that these isolates of 'Candidatus N. limicola' (Ben 17, Ben 18, Ben 67, Ben 68, Ben 70, Ben 74 and Ver 1) be combined with Tetrasphaera elongata, Tetrasphaera australiensis and Tetrasphaera japonica in the genus Tetrasphaera. On the basis of the characterization data presented here, we propose that strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74
T be assigned to a single species as Tetrasphaera jenkinsii sp. nov. These data also support the designation of strain Ben 70 T to a novel species Tetrasphaera vanveenii sp. nov. and strains Ver 1 T and Ver 2 to Tetrasphaera veronensis sp. nov.
Description of Tetrasphaera jenkinsii sp. nov.
Tetrasphaera jenkinsii (jen.kin9si.i. N.L. gen. n. jenkinsii of Jenkins, referring to David Jenkins, a contemporary American environmental engineer, who has made a considerable contribution to our understanding of the filamentous bacteria causing bulking and foaming in activated sludge processes).
The phenotypic features of this species are those given by Blackall et al. (2000) for 'Candidatus N. limicola' strains Ben 17, Ben 18, Ben 67, Ben 68 and Ben 74, supplemented by the results of this study as follows. Poly-b-hydroxyalkanoate and polyphosphate production is positive. Major menaquinone is MK-8(H 4 ), while MK-6(H 4 ), MK-8 and MK-8(H 2 ) occur in minor amounts. Present members of the species were isolated from activated sludge systems in Australia. The phenotypic features of this species are those given by Blackall et al. (2000) for 'Candidatus N. limicola' strain Ver 1, supplemented by the results of this study as follows. Catalase-and oxidase-positive. Poly-b-hydroxyalkanoate and polyphosphate production is positive. Isoprenoid quinones can not be detected in the type strain. The polar lipid pattern contains diphosphatidylglycerol and an unidentified phospholipid. Major cellular fatty acids contain iso-C 16 : 1 .
The type strain, Ver 1 T (=DSM 17520 T =NCIMB 14129 T ), was isolated from an activated sludge plant in Verona, Italy.
